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Abstract 
The study aims at establishing an integrated method for the analysis of urban functional and spatial disparities 
induced by the structure and functional zoning of urban space. The study area is represented by an urban territorial 
unit of 90 000 square meters situated in the central area of Craiova. Computer-based cartographic conversion from 
satellite images provides the general metric scale of the analyzed territory. At this stage, the scientific approach is 
concerned with the elaboration and use of two metric indexes in order to calculate the functional fragmentation within 
the reference perimeter. There are presented criteria for the delimitation of functional zones by taking into account 
the predominant function of individually assessed perimeters. Furthermore, metric data is analyzed by the use of 
relative functional fragmentation index (RFf) and absolute functional fragmentation index (AFf). Recorded 
parameters are compared to the optimum values of space fragmentation in order to point out the functional and spatial 
disparities of urban space. The method can be easily used for the analysis of functional fragmentation of any urban 
areas or as part of more complex urban studies. It can also constitute a useful tool for territorial planning, better 
balance of urban territory and modification of functional units in order to meet specific standards in the economy of 
urban land use 
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1. Introduction 
Most cities have developed specialized internal land use patterns called functional areas or functional 
zones. At city scale functional zoning enables different territorial units to develop specialized urban 
activities such as residential, industrial, transportation, commercial, leisure and green space, etc., 
according to the concentric, sector or polycentric models. At site scale, functional zoning patterns are to 
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be analyzed by the identification of predominant activities and retrieving of functional sub-zones within 
the perimeter [1].  
Urban planning mainly takes into account the preservation of the historical patrimony [2], which 
includes buildings, monuments that cover relatively small areas within the framework of urban 
morphology. The historical-geographical feature is almost absent in case of territorial planning that does 
not integrate all the systemic components in the relation between the city and adjacent environment or the 
intrinsic features of large morphological zones of the city, such as the functional zones [3]. The 
fragmentation of anthropogenic landscapes is thoroughly studied by specialized literature, the most 
important variables being those imposed by transport infrastructure [4], which have a great impact mainly 
within industrial zones and rural areas. This fragmentation induces dysfunctions at the level of territorial 
balance.  
Recent attempts to establish a composite index for the determination of different models of urban 
sprawl were elaborated based on a diverse spatial pattern in large urban zones [5].  
Although it was initially used in ecology and landscape geography  spatial metrics proved to be 
extremely useful in the analysis of urban morphology for the delimitation of different functional 
components of the urban structure [6].   
At the level of the urban tissue, we consider this system acts like an organism the component parts of 
which behave like specialized cells. This functional unit is the functional zone, namely an integrant part 
of a settlement, which has clear limits and functions induced by its main feature [7]. These functional 
zones are either essential for the adequate functioning of the urban system or complementary according to 
the development stage of the city. The delimitation of these zones that compose the urban mosaic is made 
in the areas where the continuity of the spatial metrics is interrupted, which most frequently occurs along 
transport routes or at the level of successive urban sprawl [8].  
Present study focuses on the attempt to analyze functional zones of Craiova and to create standardized 
formulas based on the dimension, shape, edges and features of the functional zones and sub-zones of the city. 
2. Study area 
The analyzed perimeter belongs to the Central TUR (territorial unit of reference) of Craiova, with a 
total area of 1 246 000 sq. meters. It is a medium sized TUR which concentrates most of the 
administrative, commercial and cultural activities of the city, with a total built up area of 797 440 sq. 
meters [9]. The study area covers 90 000 sq. meters out of the total surface of the Central TUR (Fig. 1) 
and it is situated along two main roads of the city  
the south. Northern neighborhood belongs to an exclusive residential zone, while the eastern 
neighborhood is a mixture of residential and commercial areas. The southern limit borders an old 
perimeter of the historical centre of the city, while the western neighborhood is a compositional area with 
administrative, commercial and cultural functions. Aries and Romul streets border eastern and western 
sides of the analyzed perimeter. The study area is interconnected with other functional sub-zones through 
road infrastructure, sideways, and public space with social value. The sideways relate the area to the 
functional scheme of the city and increase the general accessibility of the perimeter. Central areas are 
considered for detailed analysis because they represent areas with multifunctional features [10]. Thus, due 
to the fact that this area is characterized by mixed activities and functions, there is necessary to achieve a 
more accurate analysis of its functional and spatial fragmentation in order to identify functional 
disparities. The spatial delimitation of the study area was based on the selection of a perimeter with 
excessive functional fragmentation given by the presence of several functional sub-zones which would 
significantly reduce urban competitiveness at site and city scales [11]. Complementarity and the specific 
continuity [12] related to others functional sub-zones, at the level of the administrative centre of the city 
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as a functional zone, were thus excluded.  The territorial balance of the Central TUR points out high 
values for the surface occupied by urban constructions with 64% and a general usage of the territory of 
3.8, given the buildings typology and number of floors [9]. The multifunctional perimeter consists of 
functional sub-zones, which were differentiated according to the predominant function and which belong 
mainly to public institutions and public services, but also to the residential buildings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Location of the study area within Craiova city [9] 
3. Methods 
Cities functional areas are synchronized by local and national urban territorial plans at different 
administrative levels [13]. According to these plans there were established and delimited the functional 
zones of Craiova city by means of GUP (General Urban Plan) [14] and the development strategy of the 
metropolitan area [15]. There were synthesized 14 reference functional zones that were taken into account 
for emphasizing functional disparities.  
The present study is based on the elaboration and use of two eco-metric indexes (RFf  Relative 
Functional Fragmentation and AFf  Absolute Functional Fragmentation), which are intended to express 
urban functional fragmentation at site scale by taking into account reference values such as the number of 
functional areas of the city (available in urban regulation plans such UGP or UDS) and the medium 
perimeter size of the functional areas at city scale and the one of the study area. 
3.1. Cartographic data conversion  
The analysis of urban spatial and functional disparities requires a preliminary approach, which is 
intended to provide metric data and reference functional values of the area [16]. For the extraction of land 
use we used the soft ENVI 4.7 with the extension Zoom, which allowed the interpretation of satellite 
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images and the extraction of the homogenous information according to the reflectance values of the active 
surfaces [16]. The obtained file was then imported in ArcGis 9.3 as a shape file, where homogenous areas 
could be delimited and corrected according to field observations [17].  
During this process, due to the relatively high scale we worked at, the fidelity of the road infrastructure 
(reduced breadth of the asphalt cover) decreased. Moreover, there was not extracted information about 
those natural or agricultural parts of roads, due to the relatively small differences they induce within an 
agricultural field, as well as to the fact they do not hold an increased importance for the present study. 
The main identified class is that of residential areas, which could be delimited according to the metrics 
specific to the classes of different heights, statistical data, and field observations within central urban 
residential areas, urban periphery and the periphery of the city. Other important parameters identified on 
satellite images are commercial, administrative, and green areas, etc. 
Through the analysis of the parameters characteristic to the metrics of anthropogenic landscapes we 
succeeded to include different polygons obtained in different classes of utilization at a rate of 68%. These 
surfaces were then corrected and homogenized through the interpretation of the shadow effect, fractal 
dimension, and patch fragmentation (Fig. 2). This metrics enabled the homogenization of data, but, as it 
was a preponderantly urban surface, we introduced the summed values of the land use coefficient, 
especially for the delimitation of different patches within the city administrative centre, due to the wide 
variety of functions the buildings in central area hold. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Land use within Craiova city [18] 
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3.2. Elaboration of eco-metric indexes for fragmentation assessment  
Urban disparities induced by the structural and functional zoning of urban space were determined by 
the elaboration of two different eco-metric indexes, specifically RFf Index (Relative Functional 
Fragmentation) and AFf Index (Absolute Functional Fragmentation) used for the determination of the 
extent of functional and spatial disparities within the study area. These indexes were elaborated starting 
from classical calculation methods [19]. Subsequently the formulae were adjusted according the 
necessities of territorial urban planning. 
RFf Index (1,2) points out the level of functional fragmentation inside the analyzed perimeter by the 
ratio of identified functional areas to the number of total functional areas specific to urban territories: 
RFf = (N/Rv) 100 (1) 
N = number of functional areas identified within the analyzed perimeter 
Rv = Reference value given by the total number of urban functional areas (UGP or UDS).  
In order to have standardized values, which can be applicable to any urban entity regardless the 
reference number of functional areas we introduced a calculation model (2) which works in a range 
between 0 and 1 as it follows: 
RFf = (Rv-N)/(Rv-1) (2) 
AFf Index (3,4) points out the level of functional and structural integration within the perimeter. It can 
be calculated by the ratio between the reference perimeter, which is the perimeter of the study area, (at the 
level of functional sub-zone) and the sum of identified functional perimeters (3). 
AFf = Vr/(P1+P2+P3+.....Pn) (3) 
P = perimeter of a functional area 
n = number of functional perimeters 
Vr = Reference value (the perimeter of study area) 
Standardized values for the level of functional integration are to be calculated according to the 
following relation (4): 
AFf=P n (4) 
P  reference perimeter of study area 
N  number of identified perimeters within the study area 
n = 1,2,3,...N 
 sum of n=1 to N 
Pn  
4. Results 
On the base of the terrain numerical model for Craiova [18], it was extracted the functional sub-zone 
chosen for the present study in order to be decomposed at the level of component units (Fig. 3) and to 
establish the parameters that may highlight functional disparities. 
4.1. Determination of the functional balance within the study area 
The predominant functions within the analyzed perimeter (Fig. 3b) were grouped into 5 main 
categories containing administrative, cultural, green, residential, and transportation areas, which were 
subsequently analyzed on computer based surface calculation (Fig. 4). 
The conversion of cartographic data enabled us to emphasize the share of the surfaces with different 
functions within the studied area and to observe the quantitative dysfunctions at the site scale.  
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Fig. 3. Conversion of the satellite images (A) in urban structural elements (B) 
Table 1. Metric features of the main functional categories within the study area 
No. Functional areas Surface (sq.m) Percentage % 
1. Cultural area 16,468 18.3  
2. Residential area 5,625 6.3 
3. Transportation area 39,375 43.7 
4. Green area 26,854 29.8 
5. Administrative area 1,678 1.9 
TOTAL    90,000       100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Morphology of the study area and decomposition in constitutive structural elements 
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Data conversion was followed by the structural analysis of the perimeter by computer based length 
calculation of individual perimeters and number of patches (Table 2).  
Table 2 Structural analysis of individual patches 
4.2. Analysis of spatial and functional disparities   
The analysis of spatial and functional disparities within the study area was primarily done by the 
calculation of RFf and AFf indexes. 
The calculus of RFf Index was done by using the reference value specified in the GUP no. 6913/1998 
for Craiova municipality functional zoning. Thus, we obtained a relative value of 0.69, which indicates a 
low level of functional fragmentation and a quite bad functional integration at site scale (Fig. 5).  The 
calculation of AFf Index was done by using the reference perimeter of the study area and the total 
perimeter of every individual functional zone (Table 2) 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Classes of urban functional fragmentation based on RFf index  
 
No. Functional areas Number of patches Total length (meters) 
1. Cultural area 4 779.86 
2. Residential area 12 926.07 
3. Transportation area 1 6,515.53 
4. Green area 46 4,623.21 
5. Administrative area 2 186.39 
6 Reference perimeter  1 1,868.24 
TOTAL 66 14,899.45 
214   Ioan Eustat¸iu Marinescu and Sorin Avram /  Procedia Environmental Sciences  14 ( 2012 )  207 – 215 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Classes of urban functional integration based on AFf coefficient 
The calculated absolute value of 0.14 represents the absolute functional fragmentation index of the 
analyzed perimeter and indicates the level of functional integration. Thus, the absolute value can be used 
in order to assess the general perimeter fragmentation within the area. The calculated value indicates a 
high level of integration, close to N10. Consequently, we can assume that beyond 0.01 the integration 
level is lost by excessive perimeter length. The calculated values represent coefficients suitable for the 
assessment of fragmentation and integration levels according to metric data and the general size of the 
analyzed perimeter. In both cases, lower values indicate high performance in terms of functional 
fragmentation and spatial integration and can be used for establishing the class level of the tow indexes. 
Higher values indicate an increased specialization in terms of functionality and homogeneity in terms of 
spatial integration [20].  
5. Discussion 
The two used parameters enable us to analyze the functional zones and to emphasize possible 
functional dysfunctions through the statistical interpretation of satellite images. Urban spatial metrics 
establishes the zones with same characteristic and functions according to the dimensions of the buildings, 
their active surfaces and heights [21]; these data can be completed with other statistical data rendering the 
demographic, social, and economic aspects of these zones through GIS data processing.  
The analysis of the data supplied through spatial metrics, based on the utilization of the two proposed 
indexes, may represent a viable tool for urban planning. The standardization of these two indexes enables 
us to include the obtained values in three classes that emphasize excessive, average, and optimum 
fragmentation. Optimal functionality is reflected by high values of the RFf Index (0.85  1) regardless the 
Reference value (Rv), which can define urban systems of any type and size category.  
Low values of RFf Index reveals the presence of a high number of functional areas close to Rv, which 
points out a multifunctional development pattern with good accessibility to urban services and might 
represent an index for a polycentric sprawl of the analyzed urban pole. 
Optimal integration (higher values close or equal to 1) indicates urban homogeneity, single 
specialization and mono-functional integration, which can reflect a scarce level or lack of functional 
integration within the analyzed 
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higher potential of a future fragmentation of this patch. Thus, urban management policies may take into 
consideration these values and implement territorial planning programs in order to reduce dysfunctions or 
to maintain the functional optimum. The utilization of the two parameters in urban analysis also allows 
the individualization of the character of urban sprawl as they may emphasize a monocentric or polycentric 
development pattern. As the total number of functional zones established at the city level is also identified 
in case of multiple functional sub-zones, it obviously renders the pattern of urban polycentric sprawl.  
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